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PRELIMINARY AMENDMENT 

BOX PCT 

Commissioner for Patents 
Washington DC 20231 

Sir: 

Prior to initial examination, please amend the above-identified patent application 

as follows: 

IN THE SPECIFICATION : 

On page 1 of the specification, amend the title to read as follows: 

DEVICE FOR SEPARATING A MIXTURE OF GAS 
WITH LIQUID AND/OR SOLID MATERIAL 

On page 1 of the specification after the title and before the first paragraph, 

please insert the following section headings: 

BACKGROUND OF THE INVENTION 



L Field of the Invention 



10/009105 
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On page 1 of the specification before the second complete paragraph, please 
insert the following section heading: 
2. Description of the Related Art 

On page 2 of the specification before the first complete paragraph, please 
insert the following section heading: 

SUMMARY OF THE INVENTION 
On page 6 of the specification after the third complete paragraph, please 
insert the following section heading: 

BRIEF DESCRIPTION OF THE DRAWINGS 
On page 7 of the specification before the first complete paragraph, please 
insert the following section heading: 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

IN THE CLAIMS : 

Original claims 1-25 were amended during Chapter II with a letter dated 03 
August 2001. Please cancel all pending claims and rewrite them as new claims 26-49 as 
follows: 

26. A device for separating a mixture of gas with liquid and/or solids, 
comprising a processing vessel comprising: 

an inlet for a supply of the mixture to be separated; 

a first and second outlet opening for a discharge of respectively a first mixture part 
and a second mixture part into a space of a further vessel; 

a flow body arranged substantially concentrically in the processing vessel and 
provided with one or more swirl elements for setting the supplied mixture into swirling 
movement; 



a discharge channel for discharging the first mixture part to the first outlet opening, 
which discharge channel is arranged substantially through an interior of the flow body and 
extends from a downstream side of the flow body to the first outlet opening; 

a first resistance element with a predetermined flow resistance arranged between 
the second outlet opening and the flow body; and/or 

a second resistance element with a predetermined flow resistance, arranged in the 
discharge channel, downstream of which the first outlet opening is arranged. 

27. The device as claimed in claim 26, wherein the first resistance element 
includes one or more counter-swirl elements for reducing the swirling movement of the first 
mixture part flowing thereamong. 

28. The device as claimed in claim 26, wherein the second resistance element 
includes one or more counter-swirl elements for reducing the swirling movement of the 
second mixture part flowing thereamong. 

29. The device as claimed in claim 26, wherein the second resistance element 
includes a central core, on a top side of which is mounted a conical component which 
becomes wider in a flow direction. 

30. The device as claimed in claim 29, wherein flat plates are provided for 
limiting a rotation of the mixture part flowing thereamong. 

31. The device as claimed in claim 26, wherein the inlet opening of the 
processing vessel is provided with means for feeding in the mixture for separating at an 
increased tangential speed. 



32. The device as claimed in claim 26, including a perforated plate placed close 
to the second outlet opening and downstream thereof for ensuring a substantially uniform 
velocity profile on a downstream side thereof. 

33. The device as claimed in claim 26, wherein a swirl element includes one 
or more swirling blades, wherein the swirling blades are formed for setting into swirling 
movement or at least increasing the swirling movement of the mixture or mixture part flowing 
thereamong. 

34. The device as claimed in claim 26, wherein a counter-swirl element includes 
one or more swirling blades, wherein the swirling blades are formed for decreasing the 
swirling movement of the mixture or mixture part flowing thereamong. 

35. The device as claimed in claim 34, wherein an angle between a longitudinal 
direction of the processing vessel and a swirling blade amount to between approximately 0 
and 80 degrees. 

36. The device as claimed in claim 34, wherein the swirling blades are curved. 

37. The device as claimed in claim 26, wherein the processing vessel includes 
an inner jacket which includes a conically tapering part in a flow direction. 

38. The device as claimed in claim 37, wherein the conically tapering part is 
positioned between the swirl element and the resistance element. 

39. The device as claimed in claim 26, wherein the first mixture part is formed 
by a light fraction, while the second mixture part is formed by a heavy fraction. 



40. The device as claimed in claim 39, wherein the light fraction includes one 
or more gases and the heavy fraction includes one or more liquids. 

41. The device as claimed in claim 39, wherein the light fraction comprises 
natural gas and the heavy fraction comprises oil and water. 

42. The device as claimed in claim 26, wherein the first mixture part includes 
approximately 1% by volume of water and/or solids and the second mixture part includes at 
least approximately 95% by volume of liquid and/or solids. 

43. The device as claimed in claim 26, wherein components of the processing 
vessel are embodied such that they can be fed through a manhole into a gravity separation 
vessel. 

44. The device as claimed in claim 43, wherein a greatest dimension of a 
component amounts to a maximum of approximately 150 cm. 

45. A device for separating a mixture of gas with liquid and/or solids, 
comprising: 

a gravity separation vessel which is provided with an inlet for a supply of the 

mixture; 

a processing vessel including: 

an inlet for a supply of the mixture to be separated; 

a first and second outlet opening for a discharge of respectively a first mixture part 
and a second mixture part into a space of a further vessel; 



a flow body arranged substantially concentrically in the processing vessel and 
provided with one or more swirl elements for setting the supplied mixture into swirling 
movement; 

a discharge channel for discharging the first mixture part to the first outlet opening, 
which discharge channel is arranged substantially through an interior of the flow body and 
extends from a downstream side of the flow body to the first outlet opening; 

a first resistance element with a predetermined flow resistance arranged between 
the second outlet opening and the flow body; and/or 

a second resistance element with a predetermined flow resistance, arranged in the 
discharge channel, downstream of which the first outlet opening is arranged, 

the processing vessel can be mounted in the gravity separation vessel with the inlet 
connected to the inlet of the gravity separation vessel, wherein the first and second outlet 
openings of the processing vessel are arranged for the discharge of the first mixture part and 
the second mixture part into a space of the gravity separation vessel for further separation of 
the second mixture part. 

46. The device as claimed in claim 45, wherein the second outlet of the 
processing vessel is placed at least partially in the second mixture part situated in the space 
so as to keep an open connection between the processing vessel and said space inside the 
separation vessel. 

47. A method for treating a mixture of gas with liquid and/or solids, comprising 
the step of applying a device for separating a mixture of gas with liquid and/or solids, 
comprising a processing vessel comprising: 

an inlet for a supply of the mixture to be separated; 



a first and second outlet opening for a discharge of respectively a first mixture part 
and a second mixture part into a space of a further vessel; 

a flow body arranged substantially concentrically in the processing vessel and 
provided with one or more swirl elements for setting the supplied mixture into swirling 
movement; 

a discharge channel for discharging the first mixture part to the first outlet opening, 
which discharge channel is arranged substantially through an interior of the flow body and 
extends from a downstream side of the flow body to the first outlet opening; 

a first resistance element with a predetermined flow resistance arranged between 
the second outlet opening and the flow body; and/or 

a second resistance element with a predetermined flow resistance, arranged in the 
discharge channel, downstream of which the first outlet opening is arranged. 

48. A method for designing a device for separating a mixture into a light and 
heavy fraction, comprising the step of designing components of a processing vessel such that 
the components can be fed through a manhole into a gravity separation vessel, wherein the 
processing vessel comprises an inlet for the mixture, a first outlet for the light fraction and 
a second outlet for the heavy fraction, in addition to rotation means for setting the mixture 
into rotation, wherein swirl elements arranged close to the inlet and/or counter-swirl elements 
arranged close to the first and second outlet are provided with swirling blades dimensioned 
such that through the desired degree of rotation a preselected pressure is available whereby 
the boundary surface between the heavy and light fraction extends on a preselected level 
within the processing vessel. 



49. The method as claimed in claim 47, further including a gravity separation 
vessel which is provided with an inlet for a supply of the mixture, wherein the processing 
vessel can be mounted in the gravity separation vessel with the inlet connected to the inlet of 
the gravity separation vessel, wherein the first and second outlet openings of the processing 
vessel are arranged for the discharge of the first mixture part and the second mixture part into 
a space of the gravity separation vessel for further separation of the second mixture part. 

ABSTRACT : 

After the claims, please insert a page containing the Abstract Of The 
Disclosure, which is attached hereto as a separately typed page. 

REMARKS 

This Preliminary Amendment conforms the specification and the pending claims 
to customary United States practice. 

Original claims 1-25 and amended claims 1-24 submitted during Chapter II have 
been canceled and rewritten as new claims 26-49 in order to eliminate the multiple 
dependencies and to bring the claims into conformance with standard United States patent 
practice. 

An Abstract Of The Disclosure has been added as a separately typed page to be 
inserted after the claims. 

Attached hereto is a marked-up version of the change made to the specification by 
the current amendment. The attachment is captioned " VERSION WITH MARKINGS TO 
SHOW CHANGES MADE". 
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Examination and allowance of claims 26-49 are respectfully requested. 



Respectfully submitted, 

WEBB ZIESENHEIM LOGSDON 
ORKIN & HANSON, P.C. 



By 




Attorney for Applicant 
700 Koppers Building 
436 Seventh Avenue 
Pittsburgh, PA 15219-1818 
Telephone: 412/471-8815 
Facsimile: 412/471-4094 



VERSION WITH MARKINGS TO SHOW CHANGES MADE 



Page 1, amend the title 

[AN APPARATUS AND METHOD FOR PROCESSING] DEVICE FOR SEPARATING A 
MIXTURE OF GAS WITH LIQUID AND/OR SOLID MATERIAL 



20 

DEVICE FOR SEPARATING A MIXTURE OF GAS 
WITH LIQUID AND/OR SOLID MATERIAL 

ABSTRACT OF THE DISCLOSURE 
Disclosed is a device for separating a mixture of gas with liquid and/or 
solids, which comprises a gravity separation vessel and a processing vessel which can 
be mounted in the gravity separation vessel. The processing vessel comprises a flow 
body which is provided with one or more swirl elements which set the feed mixture into 
rotation. The processing vessel also comprises a resistance element which is positioned 
between an outlet for the heavier fraction of the mixture and the flow body. The 
processing vessel may also comprise counter-swirl elements which are positioned in the 
discharge channel for the lighter fraction of the mixture. 
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MXXTORg OF J5AS WITH LIQUID ASTD/QR SOLID MATERIAL, 

The present invention relates to an apparatus 
and method for processing of a mixture of gas with liquid 
and/or solid material . 

Known are gravity separation vessels, also 
S referred to as two or three phase separators, for 

separating mixtures of respectively gas with a liquid or 
gas with a light and a heavy liquid. As a result of the 
action of the force of gravicy the gas is CQllected at 
the top of the gravity separation, vessel, while the 

10 liquid is collected at the bottom of the vessel, wherein 
the light liquid remains floating on the heavy liquid. 
This provides the possibility of separating the mixture. 

A device is also known which is constructed 
from a gravity separation vessel in which one or more 

15 inlet devices are arranged. With such inlet devices a 
pre -treatment can be carried out on the supplied mixture 
before the mixture is separated in the above described 
manner. Such inlet devices have as most important 
functions the reduction of the impact of the inlet flow 

20 so that the degree of separation inside the gravity 
separation vessel can be maximized, preventing liquid 
shattering whereby small liquid droplets could result 
which would make the separation' process more difficult, 
and prevention of so-called M foaming* , or the occurrence 

25 of foam. 

These inlet devices have- a number of drawbacks 
however. A first drawback is chat since the liquids and 
the gases are discharged from different outlets, both 
outlets can have different pressure drops, with the 
30 result chat gas can flow out of the liquid outlet and/or 
liquid out of the gas outlet . A second problem is that 
the discharge of gas can be obstructed by an increase in 
the quantity of liquid in the inlet device. 



WOE 16:47 FAX +31 24 3970493 ARNOLD & SIEDSMA 



WO 00/74815 PCT7NLOO/00382 

2 

The object of the present invention is to 
provide a device and method wherein the above stated 
drawbacks are obviated and wherein the liquid level is 
situated at a suitable height in the inlet device 
5 (processing vessel) . 

t According to a first aspect of the invention a 
device is provided for separacing a mixture of gas with 
liquid and/or solids , comprising: 

- a gravity separation vessel which is provided 
1Q with an inlet for the supply of the mixture; 

- a processing vessel which can be mounted in 
che gravity separation vessel and connected .to the inlet, 
which processing vessel comprises a first and second 
outlet opening for the discharge of respectively a first 

15 mixture part and a second mixture part to a space of the 
gravity separation vessel for further separation of the 
second mixture part; 

- a flow body arranged substantially 
concentrically in the processing vessel and provided with 

20 one or more swirl elements for setting the supplied 
mixture inco swirling movement; 

- a discharge channel for discharging the first 
mixture part to the first outlet opening, which discharge' 
channel is arranged substantially through the interior of 

25 the flow body and extends from the downstream side of the 
flow body to the first outlet opening; 

- a resistance element with a predetermined 
flow resistance arranged between the second outlet 
opening and the flow body. By setting the supplied 

30 mixture into rotation* a change in pressure can be 

realized in the processing vessel with which the pressure 
balance in the processing vessel can be preadjusted. 

A device is per se known from European patent 
application BU 0435973 A2 wherein a supplied mixture of 

35 gas with liquid and/or gas with solids is set into 

swirling movement in a vessel by a swirl element, which 
swirling generates centrifugal forces in the mixture 
whereby a first mixture part consisting substantially of 
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liquid or solids is pressed against the wall of the 
processing vessel, while a second mixture part consisting 
substantially of gas moves to the middle of the 
processing vessel. The second mixture part is discharged 
5 in the known device via a discharge pipe at the top of 
the vessel, while the second mixture part is discharged 
via a discharge pipe at the bottom of the vessel* The 
known device is however of an entirely different type and 
is not suitable for carrying out a pretreatment in a 
J 10 gravity separation vessel in which the mixture parts, 

once they have been discharged, remain in open connection 
PI in (a space of) the gravity separation vessel for the 

purpose of a further treatment. 

According to a preferred embodiment the device 
15 comprises one or more first counter-swirl elements 
arranged in the discharge channel for reducing the 
swirling movement of the first mixture part, downstream 
of which the first outlet opening is arranged. By 
arranging a counter-swirl element in the discharge 
Q% 20 channel to reduce the swirling movement of the first 

mixture part, the pressure drop over the discharge 
channel is decreased whereby the discharge of the first 
mixture part through the discharge channel is improved. 
This moreover prevents the first mixture part being 
. 2S entrained by the second mixture part and exiting to the 
outside through the second outlet opening . 

According to a further preferred embodiment the 
resistance element comprises one or more second counter- 
swirl elements for reducing the swirling movement of the 
30 second mixture part.. The pressure balance, and therewith 
the height of the second mixture part (liquid) in the 
processing vessel, can be further adjusted with the 
second countar-swirl element ♦ 

According to another aspect of the invention a 
35 device is provided for separating a mixture of gas with 
liquid and/or solids, comprising; 

• a gravity separation vessel which is provided 
with an inlet for the supply of the mixture; 
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- a processing vessel which can be mounted in 
the gravity separation vessel and connected to the inlet, 
which processing vessel comprises a first and second 
outlet opening for the discharge of respectively a first 

5 mixture pare and a second mixture part to a space of the 4> 
gravity separation vessel for further separation of the 
second mixture part; 

- a flow body arranged in the longitudinal 
direction of the processing vessel; 

10 - a discharge channel for discharging the first 

mixture part which is arranged substantially through the 
interior of the flow body and extends from the downstream 
side of the flow body to the first outlet opening; 

- a resistance element: with a predetermined 
15 flow resistance which is arranged between the second 

outlet opening and the flow body, wherein the resistance 

element comprises one or more counter- swirl elements. 

Using a resistance element embodied in such a manner the 

pressure in the processing vessel can be preadjusted to a 
20 value which is appropriate under the conditions of use by 

a correct placing and dimensioning of the plates and the 

orientation thereof relative to each other. 

The device preferably comprises one or more 

first counter-swirl elements arranged in the discharge 
25 channel for reducing the swirling movement of the first 

mixture part, downstream of which the first outlet 

opening is arranged. 

According to yet another aspect of the 

invention a device is provided for separating a mixture 
30 of gas with liquid and/ or solids, comprising: 

- a gravity separation vessel which is provided 
with an inlet for Che supply of the mixture; 

- a processing vessel which can be mounted in 
the gravity separation vessel and connected to the inlet, 

35 which processing vessel comprises a first and second 

outlet opening for the discharge of respectively a first 
mixture part and a second mixture part to a space of the 
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gravity separation vessel for further separation of the 
second mixture part; 

- a flow body arranged in the longitudinal 
direction of the processing vessel; 

5 - a discharge channel for discharging the first 

mixture part arranged substantially through the interior 
of the flow body and extending from the downstream side 
of the flow body to the first outlet opening; 

- one or more first counter- swirl elements 
10 arranged in the discharge channel for reducing the 

swirling movement of the first mixture parr, downstream 
of which the first outlet opening is arranged ; 

- a resistance element with a predetermined 
flow resistance arranged between the second outlet 

15 opening and the flow body. 

According to a preferred embodiment a swirl 
element comprises one or more preferably curved swirling 
blades, wherein the swirling blades are formed for 
setting into swirling movement or at least increasing the 
20 swirling movement of the mixture or mixture part flowing 
therealong, while a counter-element preferably comprises 
one or more preferably curved swirling blades, wherein 
the swirling blades are farmed for decreasing the 
swirling movement of the mixture or mixture part flowing 
2S therealong. Through a correct choice of the curvature the 
swirling speed of the mixture flowing therealong, and 
therewith the pressure drop over the swirl element, can 
be modified. 

It is noted that this curvature can vary. When 
30 for instance the curvature of a swirling blade increases 
in flow direction, the mixture flowing therealong will 
then undergo an increasingly more rapid swirling 
movement. Conversely, a mixture flowing along a swirling 
blade with decreasing curvature undergoes an increasingly 
35 slower swirling movement. 

According co a further preferred embodiment the 
processing vessel comprises an inner jacket which 
comprises a conically tapering part in flow direction, in 
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order to obtain a uniform flow of the first mixture part 
along the inner jacket. 

According to a further preferred embodiment the 
components of the processing vessel are embodied such 
5 that they can be fed through a manhole in the gravity 
separation vessel. The greatest dimension of a component 
is herein a maximum of 150 cm. By constructing the 
processing vessel from such relatively small components 
ic is possible to arrange the processing vessel in 

10 already existing gravity separators. 

According to a further aspect of the present 
invention a method is provided for designing, a separation 
vessel for separating a mixture into a light and heavy 
fraction , wherein the processing vessel comprises an 

15 inlet for the mixture, a first outlet for the light 

fraction and a second outlet for the heavy fraction, in 
addition to rotation means for setting the mixture into 
rotation, wherein swirl elements arranged close to the 
inlet and/or counter-swirl elements arranged close to the 

20 first and second outlet are provided with swirling blades 
dimensioned such that through the desired degree of 
rotation a pressure is available in the separation vessel 
for separating the mixture in as optimal a manner as 
possible. 

25 By designing the rotation means or the counter- 

rotation means in correct manner in accordance with fluid 
dynamic principles the desired rotation of the mixture as 
well as the desired pressure drop over such a separation 
vessel can be preselected in accordance with the 

30 conditions, since the boundary surface between the heavy 
and light fraction extends in as optimal a manner as 
possible in the separation vessel. 

Further advantages, features and details of the 
present invention will become apparent in the light of 

35 the following description of preferred embodiments 
thereof . Reference is made herein to the annexed 
drawings, in which: 
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- figure 1 shows a partly cut -away perspective 
view of a gravity separator which is provided with two 
devices according to a preferred embodiment of the 
invention; 

5 - figure 2 shows a partly cut-away perspective 

view of the preferred embodiment of figure 1; 

- figure 3 shows a further elaborated 
perspective view of the preferred embodiment of figure 2; 

- figure 4 shows a view in perspective of a 

10 preferred embodiment of the counter- swirl element in the 
discharge channel ; 

- figure 5 shows a view in perspective of a 
preferred embodiment of the swirl element arranged 
concentrically in the processing vessel; and 

15 - figure S shows a view in perspective of a 

preferred embodiment of a resistance element according to 
the invention. 

Figure 1 shows a gravity separation vessel S 
much used in the offshore industry. Via a supply channel 
20 t a mixture of gas and liquid is supplied in the 
direction of arrow. a and then separated under the 
influence of gravity. The mixture is separated into a 
mixture part with a high gas content (light fraction) and 
a mixture part with a low gas content (heavy fraction) . 
.25 Separation of the heavy fraction (water and oil) moreover 
occurs in a fraction with substantially water and a 
fraction with substantially oil, wherein the lighter oil 
remains floating on the heavier water. The separation of 
the layers of water and oil further takes place in a 
3 0 manner known to the skilled person and in order to 

simplify the description is not further explained here. 

In order to improve the operation of such 
(gravity) separation vessels, there are, as already 
stated above, inlet devices known in a number of 
35 applications in the oil and gas-processing industry which 
carry out a pretreatment on the supplied mixture before 
further separating the mixture in known manner. Such 
inlet devices have as most important functions the 
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reduction of the impact of the inlet flow so that the 
degree of separation inside the separating vessel S can 
be maximized, preventing liquid shattering whereby small 
liquid droplets could result which make the separating 
5 process more difficult, and prevention of so-called 
"foaming*, or the occurrence of foam. A particular 
embodiment of inlet devices is formed by so-called inlet 
cyclones wherein the liquids and gases undergo a first 
separation under the influence of centrifugal forces 

10 generated in the inlet cyclone. The thus separated 

mixture parts come to lie in the remaining part of the 
gravity separation vessel S, wherein the heavy fraction 
is formed ac the bottom of the vessel S and the light 
fraction ac the top of the vessel S. 

15 The mixture of liquid and gas supplied via 

supply cube t is guided into one of the inlet cyclones 1, 
In the shown embodiment two inlet cyclones 1 are arranged 
mutually adjacently. Embodiments are however also 
possible with only one inlet cyclone or with more than 

20 two inlet cyclones which are placed adjacently of each 
other or in other random order relative to each other. 
Arrow b in figure 1 indicates that the mixture flows to 
the right-hand inlet cyclone 1. The mixture could equally 
well flow to the left-hand inlet cyclone 1 and be treated 

25 in the same manner since the left-hand inlet cyclone is 
identical to the right-hand inlet cyclone- However, for 
the sake of clarity of the description only the operation 
of the right-hand inlet cyclone l wili be described 
below. 

30 The mixture enters inlet cyclone l (arrow b) in 

a chamber 2 which is formed from four parts which are 
provided with flanges 3 and fixed to each other using 
fixing means 4. The mixture subsequently flows (arrow c) 
downwards between a substantially cylindrical outer 

35 jacket 5 and a substantially cylindrical flow body 20 
arranged concentrically relative to outer jacket 5. At 
one end the flow body 20 protrudes some distance into the 
space enclosed by outer jacket 5, while at the other end. 
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the flow body 20 extends up to an upper wall 22 of 
chamber 2. 

On the outer surface of flow body 20 are 
arranged a number of curved swirling blades 25 which 
S cause a swirling of the mixture flowing thersalong. 

Such a swirling blade 25 is constructed from a 
first part 25a, a second part 25b and a third part 25c 
which are formed such that a swirling blade 25 has an 
increasing curvature, i.e. the curvature of part 25b is 
10 greater than that of 25a, while the curvature of 25c is 
greater than that of 25b. The flowing mixture is hereby 
C}^ ; ^ sec into increasingly quicker rotation (arrow d) . 
■P As a result of the centrifugal forces the heavy 

fraction of the mixture, i.e. substantially liquid, is 
■Lh .* 15 pressed against the inner side of outer jacket 5 and 

C J ' transported downward (arrow e) in the region along the 

- M oucer jacket 5, while the light fraction of the mixture, 

•s 

i.e. suostancially gas, comes to lie in the central 
yl region of the space enclosed by outer jacket 5 (arrow f ) . 

20 Outer jacket 5 is provided with a flange 6 

jl; ■;■•;:// which connects onco a perforated jacket 7. Flange 6 also 

.pi-,.' connects onto a conically tapering or funnel-shaped 

component 10 which is provided on the inner side with six 
vertical ribs 11 . 
25 The heavy fraction then enters a resistance 

element (arrow gj which decreases the swirling thereof 
and with which the pressure in the- space enclosed by 
outer jacket: 5 is increased. The embodiment of such a 
resistance element will be described at a later stage. 
3 0 The heavy fraction subsequently flows from the 

underside through an exit opening to the outside and 
enters a tray-like component 9 which is fixed against the 
lower edge of the perforated jacket 7. The heavy fraction 
(v) then flows to the outside via the perforations in 
35 perforated plate 7 (arrow i, figure 1) and enters a part 
of the gravity separator 5 for a further separating 
treatment. A uniform velocity distribution of the heavy 
fraction exiting to the outside is effected by arranging 
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such a perforated place 7, which enhances the separation 
of the mixture of oil in water into a layer o£ wacer with 
oil floating thereon. 

The pressure caused by resistance element 12 in 
5 the space enclosed by outer jacket 5 ensures chat the 
light fraction is driven in the direction of arrow f into 
a discharge channel provided in the interior of flow body 
20. The light fraction is then discharged in the 
direction of arrow h. 

10 If however there is too great a pressure drop 

in the discharge channel it is possible that the gas, 
instead of being transported through the discharge 
channel, is entrained by the liquid flow (arrow eK This 
reduces the separating action of inlet cyclone 1. 

15 In order to reduce the pressure drop in the 

discharge channel formed in' flow body 20 a counter-swirl 
element is therefore arranged in the discharge channel . 

Figure 4 shows a preferred embodiment of such a 
counter-swirl element 60. The light fraction flows 

20 through the discharge channel in the direction of arrow 
h, swirling in the meantime as a consequence of the above 
mentioned swirling blades 25. This swirling is impeded in 
that the light fraction is guided (arrow k in figure 3) 
along a counter- swirl element 60 formed by a number of 

25 swirling blades which each consist of a first swirling 
blade part 41 and a second swirling blade part 42, 
wherein swirling blade parts 41 and 42 make an angle a 
relative to the longitudinal axis of the discharge 
channel such that the initially rapidly swirling light 

30 fraction is gradually caused to swirl less rapidly. The 
angle a can vary in practice between 0 and 80 degrees, 
subject to the application. 

The swirling blades are connected by means of a 
connecting piece 43 ' to upright plates 44 which are placed 

35 in substantially intersecting position relative to each 
other and which further limit the swirling movement of 
the light fraction, The pressure drop over the discharge 
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channel is reduced by such a gradual decrease in the 
swirling movement of the light fraction. 

The light fraction then exits to the outside 
(arrow j ) . and enters a part of the gravity separator 
5 where further separation of the heavy fraction will take 
place . 

Figure 6 shows a preferred embodiment of a 
resistance element , wherein for the sake of clarity the 
outer jacket 12 of the resistance element is omitted. The 

10 resistance element is constructed from a central core 50, 
on the top side of which is mounted a conical component 
51 which becomes wider in the flow direction.. A number of 
flat places 52 extending in a fan shape in the length 
direction is moreover arranged on central core 50. These 

15 flat plates 52 limit the rotation of the mixture part 

flowing therealong in the direction of arrow €, whereby a 
corresponding change in pressure occurs over the 
resistance element. The pressure balance in the 
processing vessel can hereby be adjusted. 

20 In an embodiment which is not shown, a number 

of transverse plates are arranged on the outer jacket 12 
and the longitudinal plates 52, this such that an opening 
is provided around core 50 along which liquid can flow. A 
transverse plate is moreover arranged on central core 50 

25 which has a diameter such tbat between the peripheral 
edge thereof and outer jacket 12 there is an interspace 
along which the liquid can flow. 

Owing to the above described construction the 
downward flowing heavy fraction will flow downward via 

30 .the opening in the first transverse plate, the interspace * 
between the second transverse plate and outer jacket 12 
and the opening in the third transverse plate. With a 
correct embodiment of the openings, the number of plates, 
the form of the plates etc., the pressure above the 
, 35 resistance element, i.e. in the space enclosed by outer 
jacket 5, can be adjusted in advance as required. 

The stated pressure must be high enough so that 
the light fraction is discharged through the discharge 
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channel in the swirl element and low enough to prevent 
the liquid level in the inlet cyclone becoming too high, 
for instance beyond the underside of inner jacket 20, so 
chat light fraction can no longer be discharged. 
5 In an alternative embodiment (not shown) a 

resistance element is embodied as a counter-swirl 
element, whereby' in similar manner as described with 
reference to the counter-swirl element in the discharge 
channel the pressure drop can be decreased. In this 

10 embodiment the pressure in the space enclosed by inner 
jacket 5 can be adjusted by a predetermined correct 
dimensioning of the swirling blades, the curvature of the 
swirling blades , the number of swirling blades and so on. 

In another embodiment (not shown) the supply 

IS tube t comprises a tangential inlet in inlet cyclone 1, 
i.e. the mixture entering inlet cyclone 1 already has a 
swirling movement. The swirling blades 25 for setting the 
mixture into a swirling movement can hereby be dispensed 
with. 

20 All components of inlet cyclone 1 are formed 

and have small dimensions, for instance a maximum length 
or width of 1.5 m, such that they can be arranged in 
vessel S through manhole M (figure 1) . The possibility is 
hereby created of arranging inlet cyclone 1 in processing 

25 vessel S at any random stage. The operation of for 

instance separating vessels S already in use can thus be 
improved by later incorporating therein one or more inlet 
cyclones according to the invention. 

In addition to the use of the invention on 

30 inlet cyclones in a gravity separator, many alternative 
applications can be realized which are all deemed to lie 
within the scope of the invention. It is for instance 
possible to incorporate a cyclone into an offshore 
pipeline, wherein the fluid flow supplied through the 

35 pipeline is separated into a number of different fluid 
phases. It is also necessary in these alternative 
applications to avoid at all times the occurrence of a 
so-called "gas blowby", i.e. the exit of gas from the 
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liquid outlet. If this takes place, the operation of the 
cyclone changes considerably: emulsion formation in the 
liquid phase or foam-forming in the liquid phase then 
result in a complete breakdown of the whole separator. 
5 According to the invention all design 

parameters can be integrally optimized (inlet and both 
outlets) , so that no high pressure drops need occur, 
which high pressure drops can cause emulsif ication of the 
liquid phase. Stated more generally, the pressure balance 

10 over the gas/liquid surface in a rotating gas/liquid 

mixture can be predicted according to the invention such 
that the location of the gas/liquid surface can be 
adjusted as a function of throughput of the mixture, 
composition of the mixture, degree of rotation of the 

15 mixture and the pressure drop over both outlets. Thus can 
be achieved chat the liquid phase and gas phase flow out 
of the outlets intended for that purpose. The adjustment 
of the position of the surface takes place with rings of 
blades (which are situated either in the inlet section 

20 whereby the degree of rotation is determined, or in the 
gas outlet whereby the pressure drop over the gas outlet 
section can be' adjusted, or in a random combination of 
these locations) . 

The degree of rotation of the mixture is 

2S determined by providing the -blades in the ring of blades 
in the inlet with a greater or smaller pitch. The 
stronger this rotation, the more the gas core in the 
mixture will tend to "creep" downward where it is 
precisely the liquid outlet which is situated. 
•30 Conversely, by arranging counter-blades in the liquid 
outlet not only is this rotation limited, but the 
pressure is also regained, which is exactly what can 
result in increased n gas-carryunder ,, , i,e, gas slipping 
through in the liquid outlet. This can in turn be 

35 prevented by doing the same in the gas outlet, where 
counter -blades can in principle realize a pressure 
recovery of the same order of magnitude and compensate 
the pressure build-up in the bottom of the cyclone with a 
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comparable pressure build-up in the top of the cyclone. 
Thus is then achieved that the gas- liquid surface is held 
in the cyclone. This is a complicated design procedure 
which can only be performed successfully with high- 
5 pressure flow models specifically validated in this 
field. 

The present invention is not limited to the 
above described preferred embodiments thereof; the rights 
sought are defined by the following claims, within the 
10 scope of which many modifications can be envisaged. 
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CLAIMS 

1. Device for separating a mixture of gas with 
liquid and/or solids r comprising: 

- a gravity separation vessel which is provided 
with an inlet for the supply of the mixture; 

5 - a processing vessel which can be mounted in 

the gravity separation vessel and connected to the inlet, 
which processing vessel comprises a first and second 
outlet opening for the discharge of respectively a first 
mixture pare and a second mixture part to a space of the 

10 gravity separation vessel for further separation of the 
second mixture part; 

• a flow body arranged substantially 
concentrically in the processing vessel and provided with 
one or more swirl elements for setting the supplied 

15 mixture into swirling movement; 

- a discharge channel for discharging the first 
mixture part to the first outlet opening, which discharge 
channel is arranged substantially through the interior -of 
the flow body and extends from the downstream side of the 

20 flow body to the first outlet opening; 

- a resistance element with a predetermined 
flow resistance arranged between the second outlet 
opening and the flow body. 

2. Device as claimed in claim l, comprising one 
25 or more first counter-swirl elements arranged in the 

discharge channel for reducing the swirling movement of 
the first mixture part, downstream of which the first 
outlet opening is arranged. 

3. Device as claimed in claim 1 or 2, wherein 
30 the resistance element comprises one or more second 

counter- swirl elements for reducing the swirling movement 
of the second mixture pare, 

4. Device for separating a mixture of gas with 
liquid and/or solids, comprising: 
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-a gravity separation vessel which is provided 
with an inlet for the supply of the mixture; 

- a processing vessel which can be mounted in 
the gravicy separation vessel and connected to the inlet, 
5 which processing vessel comprises a first and second 
outlet opening for the discharge of respectively a firsc 
mixture part and a second mixture part to a space of the 
gravity separation vessel for further separation of. the 
second mixture part; 
10 - a flow body arranged in the longitudinal 

direction of the processing vessel ; 
PJ " * discharge channel for discharging the first 

□ mixture part which is arranged substantially through the 

Pv':'.vV:':- interior of the flow body and extends from the downstream 

15 side of the flow body to the first outlet opening; 
Q " a resistance element with a predetermined 

flow resistance which is arranged between the second 
outlet opening and the flow body, wherein the resistance 
element comprises one or more counter-swirl elements. 
20 5, Device as claimed in claim 4, comprising one 

or more first counter -swirl elements arranged in the 
|f discharge channel for reducing the swirling movement of 

the first mixture part, downstream of which the first 
outlet opening is arranged, 
25 6- Device for separating a mixture of gas with 

liquid and/or solids, comprising: 

- a gravity separation vessel which is provided 
with an inlet for the supply of the mixture; 

- a processing vessel which can be mounted in 
30 the gravity separation vessel and connected to the inlet, 

which processing vessel comprises a first and second 
outlet opening for the discharge of respectively a first 
mixture part and a second mixture part to a space of the 
gravity separation vessel for further separation of the 
; 35 second mixture part; 

- a flow body arranged in the longitudinal 
direction of the processing vessel; 
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- a discharge channel for discharging the first 
mixture part arranged substantially through the interior 
of the flow body and extending from the downstream side 
of the flow body to che first outlet opening; 

5 - one or more first councer- swirl elements 

arranged in the discharge channel for reducing the 
swirling movement of the first mixture part, downstream 
of which the first outlet opening is arranged; 

- a resistance element with a predetermined 
10 flow resistance arranged between the second outlet 

opening and the flow body. 

7. Device as claimed in any of the foregoing 
claims, wherein a swirl element comprises one or more 
swirling blades, wherein the swirling blades are formed 

15 for setting into swirling movement or at least increasing 
the swirling movement of the mixture or mixture pare 
flowing therealong. 

8. Device as claimed in any of the claims 1-5, 
wherein a counter-swirl element comprises one or more 

20 swirling blades, wherein the swirling blades are formed 
for decreasing the swirling movement of the mixture or 
mixture part flowing therealong. 

9. Device as claimed in claim 8, wherein the 
angle between che longitudinal direction of the 

25 processing vessel and a swirling blade amount to between 
0. and 80 degrees, 

10. Device as claimed in claim 8 or 9, wherein 
che -swirling blades are curved. 

11. Device as claimed in any of the foregoing 
3 0 claims, wherein the processing vessel comprises an inner 

jacket which comprises a conically tapering part 10 in 
flow direction. 

12. Device as claimed in claim 11, wherein the 
conically tapering part is positioned between the swirl 

3 5 element and the resistance element, 

13 . Device as claimed in at least one of the 
foregoing claims, wherein the first mixture part is 
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formed fa y a light fraction, while the second mixture part 
is formed by a heavy fraction. 

14 • Device as claimed in claim 13, wherein the 
light fraction comprises one or more gases and the heavy 

5 fraction comprises one or more liquids. 

15. Device as claimed in claim 14, wherein the'' * 
-iSht fraction comprises natural gas and the heavy 
fraction oil and water. 

15 • Device as claimed in any of the foregoing 
10 claims, wherein the first mixture pare comprises 1% by 

volume of water and/or solids and the second mixture part 
!f ac least 95V by volume of liquid and/or solids. 

3 — | 

q l ? - Device as claimed in any of the foregoing 

Q claims, wherein the components of the processing vessel 

W 15 are embodied such that they can be fed through a manhole 

^{ into the gravity separation vessel. 

til v ia - Devxce as claimed in claim 17, wherein the 

- greatest dimension of a component amounts to a maximum of 

150 cm. 

20 13- Device as claimed in any of the foregoing 

claims, wherein the processing vessel is placed at least 
partially in the second mixture part situated in the 
space . 

20. Device as claimed in any of the foregoing 
25 claims, comprising a perforated plate placed close to the 
second outlet opening and downstream thereof for ensuring 
a substantially uniform velocity profile on the 
downstream side thereof. 

21 • Device as claimed in any of the foregoing 
3 0 claims, wherein the inlet opening of the processing 

vessel is provided with means for feeding in the mixture ' 
for separating at an increased tangential speed. 

22. Processing vessel evidently intended for a 
gravity separation vessel as claimed in any of the 

35 foregoing claims. 

23 . Method for treating a mixture of gas with 
liquid and/or solids, wherein the device as claimed in 
any of the claims 1-21 is applied. 
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24. Method for designing a separation vessel 
for separating a mixture into a light and heavy fraction, 
wherein the processing vessel comprises an inlet for the 
mixture, a first outlet for the light fraction and a 

5 second outlet for the heavy fraction, in addition to 
rotation means for setting the mixture into rotation, • 
wherein swirl elements arranged close to the inlet and/or 
counter- swirl elements arranged close to the first and 
second outlet are provided with swirling blades 
j.- 10 dimensioned such that through the desired degree of 

rotation a pressure is available in the separation vessel 
for separating the mixture in as optimal a manner as 
possible. 

25. Separating vessel designed in accordance 
15 with the method as claimed in claim 24. 
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appiicatton(s) for patent or inventor's certificate listed below and have also identified below any 
foreign application for patent or inventor s certificate having a filing date before that of the application 
on which priority is claimed: 

Prior Foreign Application(s) Priority Claimed 



(Numoer) 


ine werne 
(Country) 


rxanas June h , 

(Day/MonttVYear Filed) 


(Numoer) 


(Country) 


(Oay/Month/Year Filed) 



P 
Yes 


No 


fl 




□ 
Yes 


S 



(Numoer) (Country) (Day/MonOVYear Filed) 

I hereby claim the benefit under Title 35 t United States Code. §120 of any United States application(s) 
listed below and, insofar as the subject matter of each of the claims of this application is not disclosed 
in the prior United States application in the manner provided by the first paragraph of Title 35, United 
States Code, §112, 1 acknowledge the duty to disclose material information as defined in Title 37, 
Code of Federal Regulations, §1 .56(a) which occurred between the filing date of the prior application 
and the national or PCT international filing date of this application: 
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{Application Serial No.) 



(Filing Date) 



(Status) 
(patented, pending, abandoned) 



(Application Serial No.) 



(Filing Date) 



(Status) 
(patented, pending, abandoned) 



f? 



I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 

POWER OF ATTORNEY r As a named inventor, I hereby appoint the following attorney (s) and/or 
agent (s) to prosecute this application and transact all business in the Patent and Trademark 
Office connected therewith, (list name and registration number) 

Barbara E. Johnson 31,198 Lester N . Fortney 
Paul M . Reznick 33.059 _ Randall A. Notzen 
John W. Mcllvaine 34.219 Jesse A. Hirshman 
Michael I. Shamos 30. 
Blynn L. Shideler 35^ 
Julie w. Meder ^JLfl.Zl^. 



WillMam H . Logs don 
Russell D. Orkin 
toavIB C. Hanson 
Riciiard L. Byrne 
Frefjferick B. Ziesenheim 
Baldauf 



22,132 
25.363 
,23 r 0?4, 

-3.fi. 49ft. 
19.438 



James G. Porcelli 
Kent E. Baldauf r Jrl 



36, 882 
40, 016 

36, 082 



Ken^E 



25, 826 , 



Senfir Correspondence to: 

RusSfeil P. Orkin. 700 Koppers Building, 436 Seventh Avenue , Pittsburgh PA 15219-181B_ 



Direct Telephone calls tor (name and telephone number) Russell D. Orkin (412) 471-8815 



o 



ulff&me of sole or first inventor 



driaan. 




Date 

February 22. 2002 



Resnfence 

Arnhem . The Netherlands A/£X . 



Citizenship 

The Netherlands S 



Post Otiice Address 

Kemperbergerweg 39, NL-6818 RN Arnhem, The Netherlands 



Full name of second joint inventor, if any 



Second inventor's signature Date 



Residence 



Citizenship 



Post Office Addr ess 



(Supply similar information and signature for third and subsequent joint inventors,) 



